ABSTRACT A porcine kidney microsomal metalloendopeptidase has been enriched 3900-fold. Gel filtration on a calibrated Toyo-Soda G-3000 SW column indicated an approximate molecular weight for the endopeptidase of 88,000 ± 2000. The purified enzyme is inhibited by a number of synthetic inhibitors of thermolysin. The endopeptidase hydrolyzes the succinyl (Suc)-containing fluorogenic peptide substrate Suc-Ala-Ala-Phe-7-amino-4-methylcoumarin) at the Ala-Phe position with a K,. of2.0 x 10-4 M. The endopeptidase also hydrolyzes a variety of peptides including corticotropin, substance P, angiotensin I and II, neurotensin, somatostatin, bradykinin, and the renin tetradecapeptide substrate. The endopeptidase hydrolyzes both [Leu]-and [Metlenkephalin at the Gly-Phe bond.
substrate. The endopeptidase hydrolyzes both [Leu]-and [Metlenkephalin at the Gly-Phe bond.
We have reported that octyl B-D-glucopyranoside (OcBGlcp)-solubilized rough microsomes ofdog pancreas and various other membrane preparations (1) (2) (3) (4) contain a metalloendopeptidase activity. The enzyme is inhibited by 1, 10-phenanthroline, phosphoramidon, and a number of synthetic inhibitors of thermolysin (5) when assayed against fluorogenic peptide substrates. Additionally, these solubilized membranes have been shown to correctly process a variety of precursor proteins such as preplacental lactogen (2, 4) and pre-pro-albumin (4) to the stable intracellular form of the protein.
The biological role of this enzyme is presently unknown; however, one possible role might be to modify in vivo biological activity ofvarious peptide hormones by enzymatic degradation.
For example, somatostatin (6) , [Leu] enkephalin, [Metlenkephalin (7) , and bradykinin (8) analogs resistant to proteolysis have been shown to be "longer acting" at lower concentration in various in vivo assays. Additionally, insulin binding to adipocyte membranes (9) (10) (11) has been reported to activate a membrane-bound protease to produce a peptide that has biological activity. Thus, study of membrane proteases and peptidases has deservedly attracted the attention ofan increasing number ofinvestigators.
In this report we describe a purification scheme and partial characterization of a metalloendopeptidase isolated from porcine kidney microsomes.
MATERIALS AND METHODS
Chymostatin and phosphoramidon were provided by the U. S.-Japan Cooperative Cancer Research Program. Bestatin was obtained from H. Umezawa, (Institute of Microbial Chemistry, Tokyo, Japan). The Toyo-Soda TSK G-3000 SW column was purchased from Varian.
Pancreatic Membrane Extract. Microsomes were prepared from frozen porcine kidney as described for dog pancreas (2) chloride (10 mM). Fluorescence of the 7-amino-4-methylcoumarin (AMeCou) produced was determined as described (15 tidase migrated further into the gel and eluted in later fractions with a large amount of the protein comigrating with the endopeptidase. The pooled endopeptidase-enriched fraction obtained from the Sephacryl S-300 column was next applied to a concanavalin A-Sepharose 4B column (Fig. 3) . The endopeptidase bound to this column when the OcB3Glcp concentration was 50 mM or higher and could only be eluted by high levels of methyl a-D-mannopyranoside (1.0 M). Sodium chloride (1 M) helped prevent the endopeptidase from trailing. Next, the endopeptidase-enriched fraction obtained from this column in 50 mM Tes/50 mM OcpGlcp/1.0 M methyl a-D-mannopyranoside/1.0 M NaCl, pH 7.5, was applied to the hydroxamic acid Affi-Gel affinity column (Fig. 4) . The endopeptidase activity was eluted from the column with 0.1 M Tris/0. 1 M CaCl2, pH 9.1. This column resolves the contaminating aminopeptidase activity from the endopeptidase. This affinity column has been shown previously by Nishino and Powers to bind the zinc metalloendopeptidase, thermolysin, and Pseudomonas aeruginosa elastase (5). We were unable to concentrate the affinity chromatography-purified material either by ultrafiltration or lyophilization without complete loss of enzyme activity. Therefore, an estimation of purity could not be determined because the affinity chromatography-purified material was too dilute. The final preparation does not possess any trypsin-like, chymotrypsin-like, aminopeptidase-like, or elastase-like activities when assayed with the appropriate synthetic peptide fluorogenic substrates (13) (14) (15) .
The results in Table 1 show that during purification the endopeptidase activity recovered is 27-fold higher after Sephacryl S-300 chromatography than in the microsomal homogenate. Mixing peptide substrates (Table 2) . No activity could be detected when phosphoramidon (0.1 ,ug/ml) was included in the assay. The site of cleavage for each substrate was determined by thin-layer chromatographic identification (data not shown) of the reaction products and the indirect coupled assay ( Table 2 ). The best substrates were Suc-Ala-Ala-Phe-AMeCou, Suc-Ala-Ala-Pro-AlaPhe-AMeCou, and Suc-Ala-Gly-Met-AMeCou. The enzyme prefers small aliphatic amino acids such as glycine and alanine at the P1 position and aromatic (phenylalanine) or long-chain aliphatic amino acids (methionine) at the P1' position.
Hydrolysis of Various Peptides by Endopeptidase. Endopeptidase hydrolysis of Suc-Ala-Ala-Phe-AMC is inhibited by a variety of polypeptides; the concentrations that inhibit maximal response by 50% (IC50) are presented in Table 3 . Bovine serum albumin (50 ,g/ml), oxytocin (50 Ag/ml), proinsulin (50 .ug/ml), insulin (50 pg/ml), eledoisin (50 Ag/ml) and des-octainsulin (50 Ag/ml) did not compete with the hydrolysis of Suc- *Activity was determined as described in Table 2 . Ala-Ala-Phe-AMeCou. Fig. 6 shows the disappearance of substance P and neurotensin upon incubation with endopeptidase. The disappearance of both substance P and neurotensin was time dependent and could be blocked by phosphoramidon (0. 1 pgg/ml). HPLC assay experiments with the other peptides in 4 shows that the porcine endopeptidase was inhibited by phosphoramidon, HONHCOCH(CH2CH(CH3)CO-Ala-Gly-NH2, HONHCOCH(CH2C6H5) CO-Ala-Gly-NH2, HSCH2- We have found similar endopeptidase activity associated with rat parotid gland membranes, purified rough and smooth endoplasmic membranes from rat liver, rat lacrimal gland membranes, murine macrophages, porcine brain, spleen, and liver microsomes (1) . Additionally endopeptidase activity has been detected in hamster eggs and cells ofthe cumulus oophorus (16) . Kerr and Kenny (17, 18) have described the enrichment and characterization ofan endopeptidase activity from rabbit kidney brush border, which has a molecular weight of 93,000 and requires zinc and calcium ions for maximum activity. Verandani and Shroyer (19) also have described the enrichment ofa neutral proteinase from rat kidney which hydrolyzes several polypeptide hormones.
Recent results (to be reported in detail elsewhere) from our laboratories have shown that mouse brain striatal microsomal preparations contain an endopeptidase activity that cleaves the Gly-Phe bond of [Leu]-or [Metlenkephalin and the Ala-Phe bond in our standard endopeptidase substrate, Suc-Ala-AlaPhe-AMeCou. Together with evidence reported earlier (1), these results suggest that this ubiquitous membrane endopeptidase may, in the brain, be an enkephalinase similar to the enzyme described by Benuck and Marks (20) and Gorenstein and Snyder (21) .
